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(54) SOLAR CELL INSULATING BOARD AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To form an oxide layer which is effective 
as an insulating layer for a solar cell board on the surface of a 
stainless steel plate through a sol-gel method. 
SOLUTION: An insulating layer 2 which is as thick as 1 to 10 jim is 

formed on the surface of a stainless steel plate 1 as a base which z W 2 

serves as a solar cell board. Inorganic compound whose reflectivity is ? *tf/^J$A/j?j!^ 
70% o above to visible light may be dispersed into the insulating layer 
2. When a stainless steel plate, whose surface is finely rugged or 
corrugated to promote the scattered multiple reflection of an 
incident light, is used as the stainless steel plate board, a solar cell is 
improved in photoelectric conversion efficiency, when the above 
stainless steel plate is used. The stainless steel plate 1 is brought 
into contact with a solution of organic solvent, where metal alkoxide 
such as alkoxysilane or the like, organoalkoxysilane, water, and 
thickening agent are dissolved. The solution attached to the surface 
of the stainless steel plate is dried up and then baked, whereby an 
insulating layer is formed on the surface of the stainless steel plate 
1. 




* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]An insulating substrate for solar cells which uses a stainless steel plate as a substrate and by which 
an insulating layer by a sol-gel method is formed in the surface of said substrate. 

[Claim 2]The insulating substrate for solar cells according to claim 1 which uses a stainless steel plate with 
the surface with detailed unevenness or a wave as a substrate. 

[Claim 3]The insulating substrate for solar cells according to claim 1 which is an oxide layer in which an 
insulating layer has the thickness which is 1-10 micrometers. 

[Claim 4]An insulating substrate for solar cells which insulating inorganic powder is distributing to the 
insulating layer according to claim 1 or 3. 

[Claim 5]An insulating substrate for solar cells whose inorganic powder according to claim 4 is an inorganic 
compound of not less than 70% of light reflectance. 

[Claim 6]A stainless steel plate is contacted in a solution made to dissolve alkoxysilane, organoalkoxysilane 
with a structural formula of (1), water, and a thickener in an organic solvent, A manufacturing method of an 
insulating substrate for solar cells drying and calcinating a solution adhering to the surface of this stainless 

steel plate, and forming an insulating layer on the surface of a stainless steel plate. 

R 
I 

X-Si-(OR) 3 Xtt X-Si-(OR)* . . . . (l) 

X: Vinyl group, epoxy group, amino group, meta-KURIROKISHI group, or sulfhydryl group R : an alkyl group 
[Claim 7]A manufacturing method of the insulating substrate for solar cells according to claim 6 which uses a 
solution containing one sort of aluminum alkoxide, an alkoxide of an alkaline metal, and an alkoxide of alkaline- 
earth metals, or two sorts or more. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to an insulating substrate for solar cells excellent in flexibility, 

heat resistance, and insulation, and a manufacturing method for the same. 

[0002] 

[Description of the Prior Art]The glass plate and the stainless steel plate are used for the substrate which 
forms the solar cell which consists of amorphous Si etc. Especially, its attention is paid to the stainless steel 
plate as a substrate material which utilized the flexibility outstanding as compared with the glass plate. When 
using a stainless steel plate as a substrate for solar cells, it is necessary to carry out the insulation process 
of the substrate face, and the resin system insulating film, the inorganic system insulating film, the metal 
oxide film, the anodic oxide film, etc. are proposed. For example, in JP,59~47776,A, polymers resin membrane 
about 2 micrometers thick is formed by applying liquefied resin on the surface of a stainless steel substrate, 
and carrying out high temperature firing by the spinner, a spray, and dip coating. At JP,59-47775,A, insulating 
films, such as Si0 2 and aluminum 2 0 3 , SiN x , and amorphous Si, are formed by sputtering, vacuum evaporation, 

ion plating, plasma CVD, the pyrolysis CVD, etc. 
[0003] 

[Problem(s) to be Solved by the Invention]A resin system insulating film has flexibility and is excellent also in 
shock resistance. However, if heated at the time of deposition of amorphous Si which works as a solar cell, a 
pyrolysis will be carried out, and it will be easy to generate gas, and will become a cause which introduces a 
defect into an amorphous Si layer. Since moisture resistance is not enough, either, there is a problem in 
respect of endurance. On the other hand, in the method of providing an inorganic system insulating film by 
sputtering, vacuum evaporation, ion plating, plasma CVD, the pyrolysis CVD, etc., time is taken until an 
insulating film grows up to be required thickness, and a manufacturing cost becomes high. This invention is 
thought out that such a problem should be solved and is a thing. 

The purpose is for the inorganic system insulating layer whose adhesion is good and thick to provide the 
substrate for solar cells formed in the stainless steel plate surface by adopting a sol-gel method. 

[0004] 

[Means for Solving the Problem]In order that an insulating substrate for solar cells of this invention may 
attain the purpose, a stainless steel plate is used as a substrate and an insulating layer by a sol-gel method 
is formed in the surface of said substrate. If an oxide layer with a thickness of 1-10 micrometers is formed in 
the stainless steel plate surface, an insulating layer with sufficient insulating property will be obtained. If an 
insulating layer is made to distribute insulating inorganic powder, generating of a crack will be prevented and 
thick film-ization of an insulating layer will become easy. Especially, if an inorganic compound of not less than 
70% of light reflectance is used as insulating powder, the optical confinement effect will be acquired and 
photoelectric conversion efficiency of a solar cell will improve. A stainless steel plate used by this invention 
has austenite, a ferrite series, a martensite system, etc., for example, although a steel type is not specified. If 
a stainless steel plate with the surface with detailed unevenness which promotes a dispersion multiple echo 
of incident light, or a wave is used as a stainless steel plate board, photoelectric conversion efficiency will 
improve. 

[0005]sol which this insulating substrate for solar cells made dissolve alkoxysilane, organoalkoxysilane with a 
structural formula of (1), water, and a thickener in an organic solvent — a stainless steel plate being 
contacted in a -**** solution, and, A solution which adhered on the surface of a stainless steel plate is dried 
and calcinated, and it is manufactured by forming an insulating layer on the surface of a stainless steel plate. 
In a solution to be used, one sort of aluminum alkoxide, an alkoxide of an alkaline metal, and an alkoxide of 
alkaline-earth metals or two sorts or more may be added, sol — a -**** solution is applied to the stainless 
steel plate surface by dip coating, spreading, a spray, etc. 



X-Si-(OR) 3 Xtt X-Si-(OR) 2 (1> 



X: Vinyl group, epoxy group, amino group, meta-KURIROKISHI group, or sulfhydryl group R : alkyl group [0006] 

[Function]The sol-gel method is used from the former as a method of making an oxide layer forming in a 
metal plate surface. 

It has the strong point which can form an oxide layer at low temperature comparatively. 
However, in the conventional sol-gel method, a thin film of 1 micrometer or less is only obtained for 
thickness. Including many pinholes, since insulation is not enough, such a thin film cannot be used as an 
insulating layer of the substrate for solar cells. By the way, when the coating solution which used 
organoalkoxysilane as the film reinforcement and was added to the alkoxide by using hydroxyalkyl cellulose as 
a thickener was used, this invention persons found out that the oxide layer of a thick film was formed 
comparatively, and proposed by Japanese Patent Application No. No. 40558 [ eight to ] etc. 
[0007]basic sol — including the alkoxide of aluminum alkoxide, alkoxysilane, organoalkoxysilane, an alkaline 
metal, and/or alkaline-earth metals, alcohol amine, and water, the solvent of an alcohol system is used for a - 
**** bath in order to dissolve each alkoxide. Water addition hydrolyzes and the alkoxide which dissolved in 
the alcohols solvent serves as hydroxide. However, since settlings generate in rapid hydrolysis, the reaction 
velocity of hydrolysis is adjusted with addition of alcohol amine, this sol — if a stainless steel plate is coated 
with a bath by immersion, spreading, a spray, etc., the hydrolyzed hydroxide, such as an alkoxide of 

aluminum alkoxide, alkoxysilane, an alkaline metal, and alkaline-earth metals, will adhere. 

[0008]If a stainless steel plate is heated in this state, a synthetic reaction will advance and an oxide layer will 
be formed on the surface of a stainless steel plate. Heating at this time is substantially low as compared with 
the temperature which prints the conventional inorganic system oxide at about 100-600 **. Therefore, it 
becomes an insulating layer which moreover presents the original outstanding insulation of an oxide, without 
having a thermal adverse effect on a stainless steel plate. The formed insulating layer differs from the oxide 
layer by the conventional sol-gel method, Combination of the network structure of silica is strengthened by 
organoalkoxysilane addition, it grows up thickly from generating of the crack accompanying evaporation of a 
rapid solvent being controlled by addition of hydroxyalkyl cellulose, and the adhesion over a stainless steel 
plate is also good, -izing of the oxide layer can be carried out [ thick film ] by repeating spreading-dry- 
calcination. For example, if the oxide layer 2 of 1 micrometers or more of thickness is formed in the surface 
of the stainless steel plate 1 as shown in drawing 1 (a), the defect of the pinhole etc. which tend to be 
produced in a thin film will be lost, and insulating property sufficient as an insulating layer for solar cells will 
be revealed. However, as for the thickness of the oxide layer 2, since the adhesion over the stainless steel 
plate 1 falls in too thick an oxide layer 2, adjusting to 10 micrometers or less is preferred. 
[0009]the sol which distributed insulating powder, such as an oxide, a nitride, and carbide, — use of a -**** 
bath will obtain the oxide layer 2 ( drawing 1 b) of the thick film which the insulating powder 3 distributed. The 
insulating powder 3 controls the crack generation of the oxide layer 2, and can carry out [ thick film ]-izing of 
the oxide layer 2 comparatively easily. Especially, if powder with the high visible light reflex characteristic is 
used as the insulating powder 3, the multiple echo of incident light when a solar cell is constituted will be 
promoted, and photoelectric conversion efficiency will improve. As powder with the high visible light reflex 
characteristic, in a reflection property, as shown in drawing 2 , Si0 2 , TiOg, CaC0 3 , MgC0 3 , etc. are used 

outside aluminum 2 0 3 and ZnOMgO. an oxide layer — sol — in order to form and grow up by the contact 

interface of a bath and a stainless steel substrate, it becomes the uniform thickness which imitated 

the surface shape of the stainless steel substrate correctly. Then, if the stainless steel plate 1 is used as the 

irregular surface ( drawing 1 c), the oxide layer 2 which imitated the surface unevenness will be formed. The 

irregular oxide layer 2 promotes the scattered reflection and the multiple echo of incident light, and raises 

photoelectric conversion efficiency by the optical confinement effect 

[0010] 

[Example] 

Example 1:aluminum isopropoxide: — 1.0 mol and orthosilicic acid tetraethyl: — it dissolving in butyl 
Cellosolve:15 mol and 2.5 mol, sodium-methoxide:1.0 mol, trHsopropanolamine:4.0 mol, and water:7.0 mol, 
agitating for 24 hours — sol — the -**** bath was prepared, the obtained sol — the -**** bath was 
transparent, and even if it carried out churning neglect for 100 hours, it was stable, sol — after pulling up 
stainless steel plate SUSof 0.15 mm of board thickness 430 and coating with law using a bath, it was 

made to dry at ordinary temperature for 2 minutes, and calcinated for 2 minutes at 380 **. The obtained 
oxide film was a transparent membrane which had a uniform and precise structure at 2.0 micrometers in 
thickness. 

[001 1]example 2: — sol — stainless steel plate SUS430 was coated with the bottom of the same conditions 



as Example 1 except adding aluminurr^C^^O weight section further to a -**** bath. The obtained oxide film 

was a transparent membrane which had a uniform and precise structure at 8.0 micrometers in thickness, 
example 3: — sol — stainless steel plate SUS430 was coated with the bottom of the same conditions as 
Example 1 except adding MgO:30 weight section further to a -**** bath. The obtained oxide film was a 
transparent membrane which had a uniform and precise structure at 10 micrometers in thickness, 
example 4: — the sol same except using stainless steel plate SUS430 which adjusted surface roughness to 
R z 1.26micrometer and R max 1.66micrometer, and gave the wave of one way to surface roughness as Example 

1 — the stainless steel plate was coated using the -***♦ bath. The obtained oxide film was a transparent 
membrane which had a uniform and precise structure at 2.0 micrometers in thickness, the surface shape of 
the stainless steel plate was imitated correctly, and the wave of one way was attached. 

[0012]The stainless steel plate in which the oxide layer was formed in Examples 1-4 was used as a substrate 
for solar cells, and the solar cell was formed as follows in accordance with the conventional method. First, 
the heated substrate face was made to vapor-deposit the mixture of indium oxide and tin oxide, and the 
lower electrode was formed with the prescribed interval. And the amorphous Si film was formed with plasma 
CVD method on the lower electrode, and the indium oxide film was formed by sputtering process on the 
amorphous Si film as a translucency upper electrode corresponding to a lower electrode. The translucency 
passivation membrane was formed by applying polymer resin uniformly and calcinating it on a translucency 
upper electrode. 

[0013]About each obtained solar cell, photoelectric conversion efficiency was measured using the Sora 
simulator by Yamashita electrical incorporated company. The solar cell which uses the substrate of Example 
1 showed the photoelectric conversion efficiency of 8%. In Examples 2 and 3 in which the insulating layer 
which added powder with high visible light reflection efficiency was formed, photoelectric conversion 
efficiency increased with 9% and 10%, respectively. In Example 4 which uses a stainless steel plate with a 
wave, 10% and high photoelectric conversion efficiency were acquired. It was checked that the stainless steel 
plate in which the insulating layer was formed in Examples 1-4 can be used with which highly efficient 
substrate for solar cells so that clearly from this result. 
[0014] 

[Effect of the Invention]As explained above, since the substrate for solar cells of this invention forms the 
oxide layer of the effective thickness as an insulating layer on the surface of a stainless steel substrate with 
the sol-gel method, it is excellent in heat resistance and moisture resistance as compared with the 
conventional organic system insulating layer, and does not generate gas at the time of amorphous Si 
deposition, etc. As compared with the conventional inorganic system insulating layer, it is formed by a very 
simple method and the oxide layer formed with a sol-gel method turns into an insulating layer which presents 
the outstanding insulating property. And since the oxide layer which imitated the surface shape of the 
substrate is formed when using as a substrate distribution and the stainless steel plate by which surface 
control was carried out of the powder excellent in the visible light reflex characteristic, the optical 
confinement effect becomes large and is used as a substrate for solar cells with high photoelectric 
conversion efficiency. 
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